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Abstract   Here, we validate the use of a citronella (natural 
oil)  based  repellent to  reduce  the  abundance  of  flying 
blood-sucking insects in avian nests. These insects are 
important parasites of birds affecting them as blood feeders 
and as vectors of a diversity of pathogens. When nestling 
were 10 days old, we assigned wild great tit Parus  major 
nests to one of two treatments, control and fumigated nests. 
The abundance of biting midges and blackflies captured 
during 3 days following the treatment application were 
lower in fumigated nests with respect to control ones. By 
contrast, the abundance of blowfly pupae measured when 
nestlings left their nests was not affected by the treatment. 
Although many experimental studies modify the abundance 
of nest-dweller ectoparasites, to our knowledge, this is the 
first one describing an easy, safe, and effective method, 
reducing the total abundance of both biting midges and 
blackflies in wild avian nests. Our results could be used in 
future conservation projects and experimental studies on 
host–parasite evolution affecting the abundance of flying 
blood-feeder insects under natural conditions. 
 
 
Introduction 
 
To date, the adverse effects of nest-dweller ectoparasites, 
including mites, bugs, fleas, and blowflies, on avian species 
have been widely investigated in many experimental and 
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correlative studies (Lehmann 1993; Loye and Carroll 1995; 
Merino and Potti 1998; Tomás et al. 2007; Lobato et al. 
2008). By contrast, the relationships between flying blood- 
sucking insects and breeding birds under natural conditions 
have received scant attention in the literature. 
Biting midges (Diptera: Ceratopogonidae) and blackflies 
(Diptera: Simuliidae) are two of the most important flying 
blood-feeder insects affecting birds. These insects are 
vectors of different pathogens such as viruses (Mellor et 
al. 2000) and parasites, including avian malaria-like para- 
sites (Fallis and Bennett 1958; Bennett 1961; Atkinson et 
al. 1983). The combined effects of physical harassment, 
blood parasite infection, and loss of blood produced by 
these biting flies may affect birds in terms of condition 
(Tomás et al. 2008b), survival probability (Hunter et al. 
1997; Smith et al. 1998), and reproductive success 
(Bukaciński and Bukaciński 2000), supporting their poten- 
tial importance affecting the conservation of endangered 
species (Adler et al. 2007). However, to our knowledge, all 
of these studies are correlative, probably due to the absence 
of an effective method to carry out experimental modifica- 
tions of the abundance of these insects in avian nests. 
Previously, the fumigation treatment of blue tit Cyanistes 
caeruleus  nests  with  an  insecticide solution  comprising 
0.5% permethrin and 1% piperonyl butoxide did not affect 
the total abundance of biting midges (Tomás et al. 2008a), 
although it was effective reducing the abundance of biting 
midge Culicoides engorged females (females with a recent 
blood meal in their abdomen; Martínez-de la Puente et al. 
submitted). In this context, the use of insect repellents could 
be an effective alternative to the use of insecticides. 
Commercially available insect repellents can be divided 
into two main categories, synthetic chemicals and plant- 
derived  essential  oils.  Citronella  is  a  natural  repellent 
  
 
derived from Cymbopogon grass containing several active 
ingredients, including terpines, alcohols, and aldehydes 
(Novak and Gerberg 2005). The insecticidal properties of 
this oil were discovered in 1901, and it was used for a time 
as a hair dressing for the control of fleas and lice (Peterson 
and Coats 2001). Insect repellents may reduce the proba- 
bility  of  contact  between  insects  and  their  hosts  by  a 
number of physiological or biochemical events, including 
the blocking of insects receptors and therefore their 
capacity of host location (Peterson and Coats 2001). 
Several factors may affect the efficacy of each repellent, 
including composition, the mode of application, and the 
insect species involved in each study, probably determin- 
ing,  at  least  in  part,  the  contradictory results  found  in 
studies on the efficacy of plant-derived repellents (i.e., 
Trigg and Hill 1996; Braverman et al. 1999). The main aim 
of the present study is to evaluate the efficacy of a 
citronella-based repellent product against flying blood- 
sucking diptera in wild avian nests. 
 
 
Materials  and methods 
 
Our study was carried out during the spring of 2008 in a 
population of great tits Parus major breeding in nest boxes 
in a Pyrenean oak Quercus pyrenaica forest located in 
Valsaín (Segovia, Central Spain, 40° 53′ 74 N, 4° 01′ W, 
1,200 m a.s.l.). Wooden nest boxes were hanging from 
branches at about 4 m above the ground. Periodical visits in the 
course of the breeding season allowed us to record hatching 
date and brood size of each nest. To capture flying insects, we 
placed inside and close to the roof of each nest box a plastic 
Petri dish with a thinly spread layer of body gel oil following 
the method described and tested by Tomás et al. (2008a). Petri 
dishes were placed in nest boxes when nestlings were 10 days 
old. At that moment, nests of similar hatching date and brood 
size were assigned to one of the two different treatments, 
control and fumigated nests. The treatment consisted of a 
unique application of the “Dixie Repellent Culicoides” 
(Química de Munguía S.A.—Quimunsa) containing water 
and excipients (inactive substances used as carriers of active 
ingredients), 96° alcohol (35%), citronella (3%), and etil 
butilacetilaminopropionate (20%).  The  same  methodology 
was employed in control nests using water instead of the 
citronella repellent. According to the instructions, the product 
is ready to use by its application on the skin of several 
mammal species. Unfortunately, there is no information 
available for its application on avian species. To avoid any 
damages to nestling birds, they were extracted from nests 
prior to the repellent application and immediately left again in 
the nest. Three days later, Petri dishes were removed from 
nest boxes, and the number of nestlings in each nest was 
recorded. In the laboratory, we quantified the abundance of 
biting midges and blackflies collected in Petri dishes under a 
binocular lens (Motic K700; ×46.5 magnification). When 
nestlings left their nests, we searched each nest to quantify the 
abundance of blowfly Protocalliphora pupae. 
Statistical analyses were conducted by using non- 
parametric tests  (Statistica version  6.0,  StatSoft,  2001). 
We employed Mann–Whitney U test for comparing two 
independent groups to check for differences in hatching 
date and brood size between experimental groups. In 
addition, the same procedure was employed to investigate 
the effect of the treatment affecting the total abundance of 
biting midges, blackflies, and blowflies. Chi-squared tests 
were employed to investigate the effect of the treatment on 
insect prevalences and on nestling mortality. 
 
 
Results 
 
A total of 30 nests were included in this study: 16 of them 
were treated as controls, and 14 were fumigated with the 
citronella-based repellent. As expected according to the 
design of the experiment, we did not find any significant 
differences in hatching date (Z-adjusted = 0.13; P= 0.90) nor 
in brood size (Z-adjusted = −0.37; P= 0.71) between groups. 
A higher prevalence of infection by biting midges were 
found in control (88%) than in citronella-fumigated nests 
(21%;  Yates-corrected χ2 = 10.72,  P=0.001).  Also,  the 
abundance of biting midges captured in avian nests was 
significantly reduced by the treatment (Fig. 1a; Z-adjusted = 
−3.09; P= 0.002). The abundance of blackflies was also 
reduced by the treatment (Fig. 1b; Z-adjusted = −2.14; P= 
0.03) with a higher, but not statistically significant, 
prevalence of infection found in control nests (69%) than 
in  citronella-fumigated  nests  (36%;  Yates-corrected  χ2=  
2.08, P= 0.15). The treatment did not significantly affect the 
prevalence of infection by blowflies (fumigated nests 71%, 
control nests 38%, Yates-corrected χ2 = 2.22, P= 0.14). The 
abundance of blowfly pupae did not differ significantly 
between control and citronella-fumigated nests (Z-adjusted = 
1.23; P= 0.22). 
Finally, we did not find any significant effect of the 
treatment application on nestling mortality (Yates-corrected 
χ2=0.08,  P = 0.78)  with  only  three  control  and  three 
fumigated nests suffering the mortality of one nestling after 
the treatment application. 
 
 
Discussion 
 
Olfaction plays a key role in host location by vectors 
(Sutcliffe 1986; Bowen 1991), which are attracted to a 
diversity of body host odors (Fallis and Smith 1964; 
Blackwell et al. 1996). Repellents may affect the probabil- 
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Fig. 1  Average abundance of biting midges (a) and blackflies (b) in 
great tit P. major nests with respect to the treatment with a citronella- 
based repellent. Bars denote standard errors 
 
 
ity of contact between vectors and hosts by blocking insect 
receptors and therefore reducing their host location capacity 
(Peterson and Coats 2001). Citronella or citronella-derived 
components as insect repellents have been used since far 
(Peterson and Coats 2001) with reports of their repellent 
activity against different arthropods (Lindsay et al. 1996; 
Fradin and Day 2002; Barnard and Xue 2004; Kim et al. 
2005; Amer and Mehlhorn 2006), although their efficacy 
varies between studies. Our results support the efficacy of 
this plant-derived repellent as an effective method to reduce 
the abundance of biting midges Culicoides and blackflies in 
wild avian nests. To date, many ornithological and 
parasitological studies have used insecticides to carry out 
experimental modifications of the abundance of nest- 
dweller ectoparasites in avian nests (i.e., Merino and Potti 
1998; Merino et al. 1999; Tomás et al. 2007; Lobato et al. 
2008); however, this procedure may not be an effective 
method to reduce the total abundance of flying blood-feeder 
insects (see Tomás et al. 2008a). 
The repellence efficacy of a product may be affected by 
different factors including the concentration of the active 
component (Lee et al. 2004; Kim et al. 2005) and the time 
since its application (i.e., Trigg and Hill 1996). Previous 
studies reported that oil of citronella could be effective for 
4 h or even overnight (Brown and Hebert 1997). According 
to the instructions of the product employed here, the 
repellent remains effective during 8 h on species of 
livestock, including cattle, horses, sheep, goats, pigs, and 
other mammals. Our results support that nests impregnated 
with this product could maintain some degree of repellency 
for a longer period, reducing both the prevalence and 
abundance of biting midges and the abundance of blackflies 
in wild avian nests. The longer treatment efficacy reported 
here could be explained, at least in part, because in our 
study, the product was fumigated inside of each nest box, 
probably reducing the product evaporation with respect to 
its use on the skin of mammals. In fact, the repellent odor 
was still clearly perceptible when we opened nest boxes to 
remove Petri dishes, 3 days after the repellent application 
(per. obs.). 
On the other hand, our results support that both the 
prevalence and abundance of infection by blowflies were 
not affected by the treatment. It is known that insects may 
differ in their sensitivity to repellents (Peterson and Coats 
2001), suggesting the possibility of a differential efficacy of 
the treatment on blowflies with respect to both biting 
midges and blackflies. Furthermore, life cycle differences 
between biting flies (biting midges and blackflies) and 
blowflies could also affect the differential efficacy of the 
treatment. While adult females of both biting midges and 
blackflies feed blood, blowflies are ectoparasites of birds 
only during their larval stage (Lehane 2005). In this respect, 
it could be possible that blowflies infected nests in a 
moment prior to the treatment application (Bennett and 
Whitworth 1991), being not affected by the repellent. 
Finally, the differential efficacy of the treatment between 
biting flies and blowflies could be also due to methodo- 
logical differences on parasite quantifications. While biting 
midges and blackflies were captured during the 3 days 
following the repellent application, the abundance of 
blowfly pupae was quantified several days later, when the 
efficacy of the treatment should be reduced. 
In conclusion, here we present an effective method to 
reduce the abundance of biting flies in wild avian nests. 
These results could be useful studying host–parasite 
evolution by the experimental manipulation of the abun- 
dance of both biting midges and blackflies in avian nests. In 
addition, these results could be used in conservation 
programs of endangered avian species, which may suffer 
the adverse effects produced by biting flies and their 
parasites transmitted (Adler et al. 2007), probably affecting 
them  in  terms  of  condition,  survival,  and  reproductive 
  
 
success (Hunter et al. 1997; Smith et al. 1998; Bukaciński 
and Bukaciński 2000; Tomás et al. 2008b). In this respect, 
although we have not detected any evidence of the 
treatment affecting the predation susceptibility of fumigated 
nests, further studies under differential predation pressures 
should be done to avoid the possibility that the odors from 
this treatment could increase nestling conspicuity to 
mammal or avian predators. 
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